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- _ head together With the ?rst pipette head and locate the 
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( ) sslgnee ’ second pipette head in a high position. While the ?rst and 
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(22) Filed; sep_ 5, 2006 blocking mechanism sets the second pipette head in a high 

position against the coil spring. First, third and ?fth pipette 
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FIG. 6 
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FIG. 12A 

( START ) 

I INTRODUCE BUFFER FOR 
7 IMMOBILIZATION TO 

MOISTEN SENSING SURFACE 

ACTIVATE SENSING SURFACE 

WASH 

INTRODUCE LIGAND TO 
FLOW CHANNEL 

START IMMOBILIZATION‘ 
IMMOBILIZATION< 

STORE SENSOR UNIT AT 
PREDETERMINED TIME 

COMPLETE IMMOBILIZATION 

L 
WASH 

BLOCKING 

WASH 

l 
INTRODUCE EVAPORATION RETARDANT 

d9 



Patent Application Publication Mar. 8, 2007 Sheet 12 Of 13 

ASSAY< 

FIGO 12B 

@ 
SET SENSOR UNIT FROM SAMPLE IMMOBILIZING 

EQUIPMENT To ASSAY APPARATUS 

I SHIFT SENSOR UNIT TO ASSAY STAGE I 

SHIFT DISPENSING HEAD TO 
BUFFER ASPIRATING POSITION 

MOVE DOWN ONLY 1" PIPETTE DEVICE 
TO ASPIRATE MEASURING BUFFER 

SHIFT DISPENSING HEAD T0 ASSAY POSITION, 
TO MOVE DOWN I"T AND 2ND PIPETTE DEVICES 

INTRODUCE MEASURING BUFFER TO 
REMOVE EVAPORATION RETARDANT 

I START READING DATA I 

SHIFT DISPENSING HEAD T0 
ANALYTE ASPIRATING POSITION 

MOVE DOWN ONLY 1*‘T PIPETTE DEVICE 
TO ASPIRATE ANALYTE 

SHIFT DISPENSING HEAD TO ASSAY POSITION, 
TO MOVE DOWN I" AND 2"” PIPETTE DEVICES 

INTRODUCE ANALYTE TO REMOVE 
MEASURING BUFFER 

I REPLACE ALL PIPETTE TIPS J 
SHIFT DISPENSING HEAD TO 
BUFFER ASPIRATING POSITION 

MOVE DOWN ONLY ISIT PIPETTE DEVICE 
TO ASPIRATE MEASURING BUFFER 

SHIFT DISPENSING HEAD TO ASSAY POSITION, 
TO MOVE DOWN lHT AND 2ND PIPETTE DEVICES 

INTRODUCE MEASURING BUFFER TO 

US 2007/0053797 A1 

REPLACE ALL PIPETTE TIPS I ‘ 

REMOVE ANALYTE 

COMPLETE READING DATA 

I ANALYzE DATA I 
REPLACE ALL PIPETTE TIPS 



Patent Application Publication Mar. 8, 2007 Sheet 13 0f 13 US 2007/0053797 A1 

FIG. 13 

x? W 

27 



US 2007/0053797 A1 

FLUID DISPENSER FOR FLUID IN ASSAY 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The present invention relates to a ?uid dispenser 
for ?uid in assay. More particularly, the present invention 
relates to a ?uid dispenser for ?uid in assay, in Which pipette 
devices can be moved up and doWn selectively even With a 
simple structure of a pipette head. 

[0003] 2. Description Related to the Prior Art 

1. Field of the Invention 

[0004] An assay apparatus for assay in utilizing attenuated 
total re?ection is used for various kinds of studies in a 
biochemical ?eld or the like, for example to study interac 
tion of protein, DNA and various biomaterials, and to select 
candidate drugs by screening. Also, the technique is useful 
in the ?elds of the clinical medicine, food industries and the 
like. 

[0005] A surface plasmon resonance (SPR) sensor is 
knoWn as an assay apparatus for assay in utilizing attenuated 
total re?ection. A thin ?lm/dielectric interface of a metal ?lm 
is ?tted on a dielectric block. Light is directed to the thin 
?lm/dielectric interface in a manner conditioned for total 
re?ection. Surface plasmon is a term to mean the compres 
sional Wave created on the surface of the metal and included 
in plasmon as quantized expression of the compressional 
Wave. Free electrons in a metal vibrate to generate the 
compressional Wave. 

[0006] In the assay apparatus, the sensing surface is posi 
tioned opposite to the interface Where the metal thin ?lm is 
connected With the dielectric block. The sensing surface is 
caused to create surface plasmon resonance. Reaction of 
samples is assayed by detecting the SPR on the sensing 
surface. 

[0007] Illuminating light is applied to an interface betWeen 
the thin ?lm and the prism or a surface back to the sensing 
surface at an angle of incidence equal to or more than a 
critical angle to satisfy a condition of total re?ection. Then 
total re?ection of the illuminating light occurs. Upon the 
total re?ection created on the metal/dielectric interface, a 
small component of the light passes through the metal ?lm 
Without re?ection, and penetrates to the sensing surface. A 
Wave of the penetrating component is called an evanescent 
Wave. Surface plasmon resonance (SPR) is created When 
frequency of the evanescent Wave coincides With that of the 
surface plasmon. In response to this, intensity of the 
re?ected light attenuates remarkably. In the assay apparatus, 
the attenuation in the re?ected light re?ected by the metal/ 
dielectric interface is detected, to recognize creation of the 
SPR on the sensing surface. 

[0008] A resonance angle or an angle of incidence of light 
for creation of surface plasmon resonance depends upon a 
refractive index of a medium of transmission of evanescent 
Waves and surface plasmon. In other Words, a change in the 
refractive index of the medium of transmission causes a 
change in the resonance angle of creation of SPR. The 
substance or sample in contact With the sensing surface is the 
medium for transmitting the evanescent Waves and surface 
plasmon. When binding, dissociation or other reaction 
occurs on the sensing surface betWeen tWo molecules or 
samples, the resonance angle changes because of a change 
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in the refractive index of the medium of transmission. The 
SPR assay apparatus ?nds the changes in the resonance 
angle, to assay the interaction betWeen the molecules or 
samples. 

[0009] An assay apparatus for assay in utilizing attenuated 
total re?ection is used for various kinds of studies in a 
biochemical ?eld or the like, for example to study interac 
tion of protein, DNA and various biomaterials, and to select 
candidate drugs by screening. Also, the technique is useful 
in the ?elds of the clinical medicine, food industries and the 
like. A sample or biomaterial, such as protein, is handled as 
sample ?uid. 

[0010] JP-A 6-167443 discloses an SPR assay apparatus in 
Which an optical system of Kretschmann con?guration is 
used for incidence of light to the metal ?lm. According to the 
Kretschmann con?guration, the thin ?lm/dielectric interface 
of the metal ?lm is ?tted on a prism, Which condenses light 
and directs the light to the thin ?lm/dielectric interface in a 
manner conditioned for total re?ection. A sensing surface is 
overlaid inside the ?oW channel, for immobilizing the 
sample. A ?oW channel is disposed so that the sensing 
surface lies therein. Ligand ?uid is introduced to the ?oW 
channel for immobilizing the ligand on the sensing surface. 
After this, analyte ?uid is introduced for contact of the 
analyte and the ligand, to assay the interaction betWeen 
those. 

[0011] For assay, at ?rst liquid bu?er is introduced to a 
?oW channel and ?oWs on to a sensing surface. Then 
measurement of an output signal is started. After this, 
analyte ?uid is introduced. The liquid bu?er in the ?oW 
channel is caused by the analyte ?uid to ?oW out and exit 
from an ori?ce of the ?oW channel. The analyte ?uid is kept 
stored in the ?oW channel, before the liquid bu?er is 
introduced to terminate the measurement of the signal. It is 
possible to detect a baseline of the signal and detect a signal 
in the period including step of interaction betWeen analyte 
and ligand, and their dissociation. 

[0012] To introduce the analyte ?uid to the sensing sur 
face, a ?uid dispenser including a pipette device is used. The 
pipette device is useful because of easy loading and unload 
ing to an ori?ce of the ?oW channel in vieW of rapid assay 
for a great number of sensor units in a large scale. 

[0013] The ?oW channel has a U shape as vieWed in a 
section, and tWo end ori?ces open in an upper surface. The 
?uid dispenser has tWo of the pipette devices disposed at a 
pitch of the ori?ces of the ?oW channel. A ?rst one of the 
pipette devices is to aspirate the analyte ?uid from a multi 
Well plate as reservoir, and then to dispense the acquired 
analyte ?uid into the ?oW channel. A second one of the 
pipette devices is to aspirate the liquid bu?er previously 
?lled in the ?oW channel. For the ?uid dispenser to introduce 
?uid into the ?oW channel, pipette tips of the pipette devices 
are inserted in the end ori?ces of the ?oW channel. The ?rst 
pipette device dispenses the analyte ?uid at the same time as 
the second pipette device draWs the liquid bu?er. 

[0014] A knoWn example of the ?uid dispenser includes a 
pipette head With a pair of the pipette devices, and a shifter 
for shifting the pipette head. As an example of shifter, a 
robot device of a perpendicular coordinate type, a multi joint 
type and the like can be used. It is possible for the pipette 
head to access an aspirating position and assay position With 
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high precision, the aspirating position being used for draW 
ing the analyte ?uid from the multi Well plate by aspiration. 

[0015] To draW the analyte ?uid from the multi Well plate 
by the pipette head, only the ?rst one of the pipette devices 
is inserted in the multi Well plate. The second does not 
require using at the multi Well plate. If both of the pipette 
devices are moved doWn, the second is likely to interfere 
With unWanted objects. Thus, the multi Well plate of a 
normally used type cannot be used in combination. There 
has been an idea of use of a shifter, associated With the 
pipette head, for moving each pair of the pipette devices up 
and doWn 

[0016] If a shifter for moving up and doWn each pair of the 
pipette devices is associated With the pipette head, the 
pipette head has an excessively complicated structure, and 
has a great siZe. Also, a motor must be used for each of the 
shifters, and Will raise the manufacturing cost. Furthermore, 
the Weight of the pipette head Will be very heavy, to loWer 
e?iciency in operation due to reduction of the speed of 
moving the pipette head. 

SUMMARY OF THE INVENTION 

[0017] In vieW of the foregoing problems, an object of the 
present invention is to provide a ?uid dispenser for ?uid in 
assay, in Which pipette devices can be moved up and doWn 
selectively even With a simple structure of a pipette head. 

[0018] In order to achieve the above and other objects and 
advantages of this invention, a ?uid dispenser is provided, 
having a dispensing head, movable betWeen an aspirating 
position and an assay position, for, When in the aspirating 
position, aspirating sample by accessing one of Wells in a 
multi Well plate in a doWnWard accessing direction, and for, 
When in the assay position, introducing the sample by 
accessing in a doWnWard accessing direction into a ?oW 
channel in a sensor unit of Which a sensing surface is 
adapted to assay reaction of the sample ?oWing through the 
?oW channel, the dispensing head including at least one 
couple of pipette devices including ?rst and second pipette 
devices, the ?rst pipette device being set in the Well to 
aspirate the sample, and then set in a ?rst ori?ce of the ?oW 
channel to dispense the sample, the second pipette device 
being set in a second ori?ce of the ?oW channel to aspirate 
?uid in synchronism With dispensation of the ?rst pipette 
device. The ?uid dispenser includes ?rst and second heads 
for supporting the ?rst and second pipette device in an 
independent manner from one another. A driving mechanism 
shifts up or doWn the ?rst head When the dispensing head is 
in the aspirating position or the assay position, to cause the 
?rst head to move betWeen a ?rst position and a second 
position, the ?rst head, When in the ?rst position, being 
positioned loW to set a pipette tip of the ?rst pipette device 
in the Well or the ?rst ori?ce, and When in the second 
position, being positioned higher than the ?rst position to set 
the pipette tip aWay from the Well or the ?rst ori?ce. A guide 
mechanism supports the second head movably in a vertical 
shifting direction of the ?rst head and relatively thereto. 
There is a stopper portion of the ?rst head, for engagement 
With second head When a pipette tip of the second pipette 
device is positioned as high as the pipette tip of the ?rst 
pipette device, to prevent the second head from moving 
further doWnWards. A biasing mechanism biases the second 
head toWard the stopper portion. 
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[0019] While the ?rst and second pipette devices are in the 
assay position, the driving mechanism sets the ?rst pipette 
head in the loWer position, and the biasing mechanism and 
the stopper set the second pipette head together With the ?rst 
pipette head, and locate the second pipette head in a loW 
position. 

[0020] Furthermore, a blocking mechanism is disposed in 
the aspirating position, for preventing the second pipette 
head from moving doWn. 

[0021] In a standby state, the ?rst pipette head is set in the 
upper position, the biasing mechanism and the stopper set 
the second pipette head together With the ?rst pipette head, 
and locate the second pipette head in a high position. While 
the ?rst and second pipette devices are in the aspirating 
position, the driving mechanism sets the ?rst pipette head in 
the loWer position. The blocking mechanism sets the second 
pipette head in the high position against the biasing mecha 
nism, so that a height of the ?rst pipette tip is loWer than a 
height of the second pipette tip, to access the Well. 

[0022] Furthermore, a moving unit is provided With the 
support mechanism secured thereto, for moving the ?rst and 
second pipette heads together in a horizontal direction 
crossWise to a direction of moving up and doWn, for setting 
the ?rst and second pipette devices in the aspirating position 
and the assay position. 

[0023] The ?rst pipette head includes ?rst to Nth pipette 
noZZles. The ?rst pipette device includes N pipette tips, 
secured to respectively an end of the ?rst to Nth pipette 
noZZles, for constituting the ?rst pipette tip. The second 
pipette head includes (N+l)th to (2N)th pipette noZZles, 
arranged alternately With the ?rst to Nth pipette noZZles, for 
constituting one pipette noZZle array. The second pipette 
device includes N pipette tips, secured to respectively an end 
of the (N+l)th to (2N)th pipette noZZles, for constituting the 
second pipette tip. 

[0024] The driving mechanism includes a nut portion 
secured to the ?rst pipette head. A threaded rod is inserted 
in the nut portion, and coupled helically thereWith. A motor 
rotates the threaded rod, to shift the ?rst pipette head With 
the nut portion. 

[0025] The blocking mechanism includes a projecting rod 
disposed to project from the second pipette head. A second 
stopper is disposed in a path of the projecting rod, for 
engagement thereWith, to stop the second pipette head from 
moving doWn. 

[0026] The support mechanism includes a slide rail por 
tion. Furthermore, a slidable projection is disposed to project 
from the ?rst pipette head, for engagement With the slide rail 
portion in a slidable manner. 

[0027] The guide mechanism includes a slide rail portion 
disposed to extend on the ?rst pipette head. A slidable 
projection is disposed to project from the second pipette 
head, for engagement With the slide rail portion in a slidable 
manner. 

[0028] Furthermore, a detection projection is disposed to 
project from one of the ?rst pipette head and the support 
mechanism. Aposition sensor is secured to a remaining one 
of the ?rst pipette head and the support mechanism, for 
detecting setting of the ?rst pipette head in the upper 
position. 
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[0029] Also, a ?uid dispenser is provided, and includes a 
?rst pipette device, having a ?rst pipette tip, for insertion in 
a Well for storing sample When set in an aspirating position, 
and for aspirating the sample from the Well. The ?rst pipette 
device, When set in an assay position after ?uid aspiration, 
is inserted in a ?rst ori?ce included in ?rst and second 
ori?ces disposed in a sensor unit, and then dispenses the 
sample into the ?rst ori?ce, for ?oW of the sample to a 
sensing surface in a ?oW channel disposed to extend 
betWeen the ?rst and second ori?ces. A second pipette 
device has a second pipette tip, for insertion in the second 
ori?ce upon setting in the assay position, and for aspirating 
sample having been introduced in the ?oW channel. The 
?uid dispenser includes ?rst and second pipette heads for 
supporting respectively the ?rst and second pipette devices. 
A support mechanism supports the ?rst pipette head in a 
manner movable up and doWn. A driving mechanism shifts 
the ?rst pipette device betWeen loWer and upper positions. A 
guide mechanism is disposed on the ?rst pipette head, for 
guiding the second pipette head in a manner movable up and 
doWn. A stopper is secured to the ?rst pipette head, for 
engagement With one contact portion of the second pipette 
head When the ?rst and second pipette tips are at heights 
equal to each other, for stopping the second pipette head 
from moving doWn. A biasing mechanism biases the second 
pipette head in a direction for contact of the contact portion 
With the stopper. 

[0030] Consequently, pipette devices in the ?uid dispenser 
for ?uid in assay can be moved up and doWn selectively 
even With a simple structure of a pipette head. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] The above objects and advantages of the present 
invention Will become more apparent from the folloWing 
detailed description When read in connection With the 
accompanying draWings, in Which: 

[0032] FIG. 1A is an explanatory vieW in section illustrat 
ing a step of a sample immobilizing ?oW in an assay system; 

[0033] FIG. 1B is an explanatory vieW in section illustrat 
ing steps of assay and data analysis in the assay apparatus; 

[0034] FIG. 2 is a perspective vieW illustrating a sensor 
unit; 
[0035] FIG. 3 is a perspective vieW illustrating sample 
immobilizing equipment; 

[0036] FIG. 4 is a perspective vieW illustrating an assay 
apparatus; 

[0037] FIG. 5 is a perspective vieW illustrating a ?uid 
dispenser; 

[0038] FIG. 6 is an exploded perspective vieW illustrating 
the ?uid dispenser; 

[0039] FIG. 7 is a front elevation illustrating a relationship 
betWeen ?rst and second pipette heads in a vertical direction; 

[0040] FIG. 8 is a horizontal section illustrating a rela 
tionship betWeen the ?rst and second pipette heads in a 
horizontal direction; 

[0041] FIG. 9 is a perspective vieW illustrating a state of 
shifting doWn only the ?rst pipette head in the assay posi 
tion; 
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[0042] FIG. 10 is a perspective vieW illustrating shifting 
doWn of the second pipette head in compliance With that of 
the ?rst pipette head; 

[0043] FIG. 11 is a block diagram illustrating circuit 
arrangement of a ?uid dispenser; 

[0044] FIG. 12A is a ?oW chart illustrating an immobiliz 
ing process in the assay system; 

[0045] FIG. 12B is a ?oW chart illustrating an assay 
process in the assay system; and 

[0046] FIG. 13 is a front elevation illustrating shifting 
doWn only the ?rst pipette device for aspiration. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT(S) OF THE 

PRESENT INVENTION 

[0047] In FIGS. 1A and 1B, a process of surface plasmon 
resonance (SPR) assay includes steps of immobilization, 
assay and data analysis. To this end, an assay system 
includes sample immobilizing equipment 10, an assay appa 
ratus 11 and a data analyzer 91 of FIG. 4. 

[0048] A sensor unit 12 for SPR assay issued for assay. 
The sensor unit 12 includes a thin ?lm of metal 13, a prism 
14, and a ?oW channel 16. A sensing surface 13a is a ?rst 
surface of the thin ?lm 13 to generate surface plasmon 
resonance. A second surface of the thin ?lm 13 is an 
interface 13b Where the prism 14 is overlaid With the thin 
?lm 13, the interface 13b re?ecting light by total re?ection. 
The ?oW channel 16 is opposed to the sensing surface 13a, 
and is supplied With ligand, analyte or other ?uid for ?oW. 

[0049] An example of material for the thin ?lm 13 is gold 
(Au) or the like. Athickness of the thin ?lm 13 is 50 nm. The 
thickness can be changed for the suitability in vieW of the 
material of the thin ?lm 13, a Wavelength of light to be 
applied, and the like. The prism 14 is a transparent dielectric 
block, and overlaid With the thin ?lm 13. Illuminating light 
is condensed by the prism 14 for application to the interface 
13b to satisfy the total re?ection condition. The ?oW chan 
nels 16 are in the U shape. Ends of the ?oW channels 16 
respectively include a ?rst ori?ce 16a and a second ori?ce 
16b. The ?rst ori?ce 1611 as entrance receives introduction of 
a sample ?uid. The second ori?ce 16b as exit is accessed for 
draining the sample ?uid. A horizontal Width or diameter of 
the ?oW channels 16 is approximately 1 mm. An interval 
betWeen the ?rst and second ori?ces 16a and 16b of the ?oW 
channel 16 is approximately 10 mm. 

[0050] A loWer side of the ?oW channels 16 Where the ?oW 
cell recess is open is enclosed by the prism 14 having the 
sensing surface 13a. There are de?ned sensor cells or 
measuring cells 17 each of Which is a portion of the sensing 
surface 1311 closed by the portion about the ?oW cell recess. 
In the present embodiment, the sensor unit 12 has plural 
sensor cells 17, for example three. See FIG. 2. 

[0051] A sample immobilizing ?oW is for binding of 
ligand on the sensing surface 1311. At ?rst, the sensor unit 12 
is set in the sample immobilizing equipment 10. A dual 
pipette assembly 19 is included in the sample immobilizing 
equipment 10, and has a ?rst pipette device 1911 and a second 
pipette device 19b. The ?rst pipette device 1911 is set at the 
?rst ori?ce 16a. The second pipette device 19b is set at the 
second ori?ce 16b. The ?rst pipette device 1911 introduces 
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?uid to the ?oW channel 16. The second pipette device 19b 
aspirates and draWs ?uid from the ?oW channel 16. The 
introduction With the ?rst pipette device 1911 is at the same 
time as drawing With the second pipette device 19b. Ligand 
?uid 21 as sample ?uid, as a ?uid Which contains ligand or 
biomaterial and ?uid medium, is introduced through the ?rst 
ori?ce 1611 by the dual pipette assembly 19. 

[0052] An immobilizing linker ?lm 22 is overlaid on the 
thin ?lm 13 at the center of the sensing surface 13a. The 
linker ?lm 22 is previously produced in the course of 
manufacturing the sensor unit 12. As the linker ?lm 22 is a 
basis for immobilizing the ligand, various materials are 
available for selective use according to the type of the ligand 
to be immobilized. 

[0053] In the sample immobilizing equipment 10, pre 
treatment before a ligand immobilizing ?oW With the ligand 
?uid 21 is Wetting of the linker ?lm 22 by use of liquid 
buffer, and activation of the linker ?lm 22 for the purpose of 
facilitating binding of the ligand to the linker ?lm 22. An 
example of an immobilizing method is the amine coupling 
method. An example of material for the linker ?lm is 
carboxy methyl dextran, to bind an amino group contained 
in the ligand With the dextran directly by a covalent bond. An 
example of liquid for the activation is mixture of N'-(3 
dimethylaminopropyl) carbodiimide hydrochloride (EDC) 
and N-hydroxy imide succinate (NHS). The sample immo 
bilizing equipment 10, after the activation, introduces liquid 
bulfer for the ligand immobilizing ?oW to Wash and clean 
the ?oW channel 16. 

[0054] Various liquids are available for use as the liquid 
bulfer for the ligand immobilizing ?oW, and solvent or 
diluent for the ligand ?uid 21. Examples of the liquids 
include bulfer liquids, or physiological saline Water and 
other aqueous solutions of physiological salts, and pure 
Water. It is possible according to a type of the ligand to 
determine suitably solution types and pH values of the 
solutions, and types of substances to be mixed, and their 
density. If a biomaterial is used as a ligand, physiological 
saline Water is used of Which pH value is kept neutralized. 
In the amine coupling method described above, the linker 
?lm 22 is electri?ed negatively because of the carboxy 
methyl dextran. In consideration of this, it is possible to use 
phosphatic buffered saline (PBS) solution having strong 
operation of bulfer and containing phosphate salt at high 
density Which is not physiological, because protein can be 
electri?ed positively for the purpose of facilitating binding 
With the linker ?lm 22. 

[0055] The sample immobilizing equipment 10, after the 
activation and Washing, introduces the ligand ?uid 21 to the 
?oW channel 16 for immobilization. Ligand 21a as sample 
such as biomaterial di?fused in the ligand ?uid 21, in 
introducing the ligand ?uid 21, gradually migrates to and 
binds With the linker ?lm 22. This is the ligand immobilizing 
?oW of the ligand 21a on the sensing surface 1311. It is 
general that a step of the immobilization requires approxi 
mately one (1) hour, during Which the sensor unit 12 is 
preserved in an environment conditioned suitably, for 
example at a conditioned temperature. Until the immobili 
zation, the ligand ?uid 21 in the ?oW channel 16 may be left 
to stand in a stationary state. HoWever, the ligand ?uid 21 
can be preferably stirred or turbulently ?oWed for ensured 
?uidity in the ?oW channel 16. The stirring or turbulent ?oW 

Mar. 8, 2007 

can promote binding of the ligand 21a With the linker ?lm 
22, to raise an immobilized amount of the ligand 21a. 

[0056] When the immobilization of the ligand 2111 on the 
sensing surface 13a is completed, the ?uid dispenser draWs 
and removes the ligand ?uid 21 from the ?oW channel 16. 
Namely, the second pipette device 19b discharges the ligand 
?uid 21 by aspirating. After this, the sensing surface 13a is 
Washed by introducing Washing liquid into the ?oW channel 
16. In the ?uid dispenser, a blocking step is made after the 
Washing. A blocking liquid is introduced into the ?oW 
channel 16, to deactivate the reaction group remaining 
Without binding With the ligand. Apreferable example of the 
blocking liquid is ethanol amine hydrochloride. After the 
blocking, the ?oW channel 16 is Washed again. Then, the 
?uid dispenser introduces evaporation retardant to the ?oW 
channel 16, as Will be described hereafter. The sensor unit 12 
is left to stand until the assay, With the sensing surface 13a 
humid on the evaporation retardant. 

[0057] For the assay, the sensor unit 12 is set in the assay 
apparatus 11. A plurality of dual pipette assemblies 26 are 
installed in the assay apparatus 11. Each of the dual pipette 
assemblies 26 includes a ?rst pipette device 30 for aspiration 
and dispensation With a pipette tip, and a second pipette 
device 35 for aspiration With a pipette tip. The ?rst pipette 
device 30 is used for delivery of ?uid by aspiration at a 
reservoir, and then is set at the ?rst ori?ce 16a, introduces 
the ?uid to the ?oW channel 16. 

[0058] For the assay in the assay apparatus, at ?rst, liquid 
bulfer is introduced into the ?oW channel 16, and caused to 
?oW continuously for a prescribed time. After this, analyte 
solution or analyte ?uid 27, as a ?uid Which contains analyte 
and ?uid medium that may be solvent, is introduced into the 
?oW channel 16. The measuring bulfer is exited instead of 
?lling of the analyte ?uid 27. The analyte ?uid 27 is kept 
stored in the ?oW channel 16 for a predetermined time, 
before liquid bulfer is introduced again. Fluid used in the 
second ori?ce 16b, for example used analyte ?uid and 
measuring buffer, is aspirated, draWn and recovered by the 
second pipette device 35. Note that the ?oW channel 16 may 
be cleaned or Washed before initially introducing the liquid 
bulfer. 

[0059] Reading of data in a photo detector starts upon 
initially introducing the liquid buffer in order to detect a 
reference level of a signal. The reading is continued until the 
introduction of the liquid bulfer at the second time after 
entry of the analyte ?uid 27. It is possible not only to detect 
the reference level that is a base line, but to assay the 
interaction or reaction betWeen the analyte and the ligand, 
and to measure a signal until dissociation betWeen the 
analyte and ligand in response to introduction of the liquid 
bulfer. 

[0060] Various liquids are available for use as the liquid 
bulfer for assay, and solvent or diluent for the analyte ?uid 
27. Examples of the liquids include bulfer liquids, or physi 
ological saline Water and other aqueous solutions of physi 
ological salts, and pure Water. It is possible according to a 
type of a ligand or analyte to determine suitably solution 
types and pH values of the solutions, and types of substances 
to be mixed, and their density. To facilitate dissolving of the 
analyte, dimethyl sulfo-oxide (DMSO) can be added to the 
physiological saline Water. The use of the DMSO consider 
ably in?uences to a level of an output signal. The bulfer for 
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assay is used for detecting the reference level of the signal, 
as described above. If DMSO is contained in the ?uid for the 
analyte, it is preferable to use buffer for assay at a DMSO 
density approximately equal to that of the ?uid in the 
analyte. 

[0061] In general, the analyte ?uid 27 may be kept pre 
served for a long time, for example one (1) year. It is likely 
that a difference occurs betWeen an initial level and a current 
level of the DMSO density oWing to a change With time. If 
assay With high precision is required, such a difference in the 
density is estimated according to the reference signal (ref 
signal) level upon introducing the analyte ?uid 27, so that 
measured data can be compensated for by DMSO density 
compensation. 

[0062] The reference signal or ref-signal is an output of 
the SPR derived from the reference region on the sensing 
surface 13a and free from immobilization of a ligand, and is 
a basis of comparison With a measuring signal. The mea 
suring signal or act-signal is an output of the SPR derived 
from the measuring region on the sensing surface 13a and 
for immobilization of a ligand to react With an analyte. The 
data analyzer e?fects data analysis by obtaining data of a 
?nite difference between the act-signal and ref-signal, and 
analyzes various items according to the ?nite difference. 
This makes it possible to cancel electric noise caused by 
external irregularities, such as individual speci?city of the 
sensor unit 12 or the linker ?lm 22 or the sensor cells 17, 
mechanical changes of the assay apparatus 11, temperature 
changes of the liquid, and the like. A signal With a high S/N 
ratio can be obtained. 

[0063] Compensation data for the DMSO density com 
pensation is obtained before introducing the analyte ?uid 27. 
A plurality of liquid buffers different in the DMSO density 
are introduced to the sensor cells 17. Amounts of changes in 
the levels of ref-signal and act-signal are evaluated so as to 
obtain the compensation data. 

[0064] An optical assay unit 31 is constituted by the 
illuminator 32 and a photo detector 33. The reaction betWeen 
the ligand and analyte can be recognized as a change of a 
resonance angle, Which is an angle of incidence of light 
received by the interface 13b. To this end, the illuminator 32 
is caused to apply light to the interface 13b at various values 
of angles of incidence satisfying a condition of the total 
re?ection. The illuminator 32 includes a light source 34 and 
an optical system 36, Which includes a condensing lens, a 
diffusing plate and a polarizer. A position and angle of 
installation of those elements are so determined that an angle 
of incidence of the light satis?es the condition of the above 
total re?ection. 

[0065] Examples of the light source 34 include a light 
emitting diode (LED), laser diode (LD), super luminescent 
diode (SLD), and other light emitting element. A single 
element is used as the light source 34 as a point light source, 
to illuminate the interface 13b in a sensor cell. Note that, if 
simultaneous assay of plural sensor cells is desired, light 
from a single light source device may be separated into 
plural light paths for application to the sensor cells. 

[0066] The di?‘using plate di?‘uses light from the light 
source 34, and suppresses onset of irregularity in the light 
amount. The polarizer alloWs only p-polarized light to pass, 
the p-polarized light creating the surface plasmon resonance. 
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Note that no polarizer is required if directions of rays 
emitted by the light source 34, for example an LD, are kept 
equal. HoWever, a diffusing plate may be combined With the 
light source 34 of a type of Which directions of emitted rays 
are kept equal. Directions of rays in polarization are changed 
to an unequal state by the passage through the diffusing 
plate. For this structure, the polarizer can be utilized to set 
equal the directions of the rays. The light obtained after the 
diffusion and polarization is condensed by a condensing 
lens, and directed to the prism 14. It is possible to travel rays 
With various angles of incidence toWard the interface 13b 
Without irregularity in the intensity. 

[0067] The photo detector 33 detects intensity of received 
light re?ected by the interface 13b. Light becomes incident 
upon the interface 13b at various angles of incidence. The 
interface 13b re?ects the light at various re?ection angles 
according to the incident angles. When reaction starts by the 
contact betWeen the analyte and ligand, the resonance angle 
starts changes. An example of the photo detector 33 is a 
CCD area sensor or an array of photo diodes, Which acquires 
changes in the re?ection angle by detection of shifting the 
attenuation position of the re?ected light on the photo 
reception surface. The photo detector 33 outputs and sends 
an SPR signal to the data analyzer. The data analyzer 
analyzes the SPR output from the assay apparatus 11, to 
recognize interaction betWeen the analyte and ligand. 

[0068] In FIG. 1A and 1B, the illuminator 32 and the photo 
detector 33 are so depicted that a direction of incident light 
on to the sensor unit 12 and a direction of re?ected light from 
the sensing surface 1311 are parallel to a horizontal ?oW 
direction of the ?oW channel 16. HoWever, this is for the 
simplicity of the illustration of the optical assay unit 31. 
Structurally, the illuminator 32 and the photo detector 33 are 
so disposed that a direction of incident light on to the sensor 
unit 12 and a direction of re?ected light from the sensing 
surface 1311 are perpendicular to a horizontal ?oW direction 
of the ?oW channel 16, namely an array direction of the 
sensor cells 17. See FIG. 4. Also, the optical assay unit 31 
may be constructed exactly as illustrated in FIGS. 1A and 
1B. 

[0069] In FIG. 2, the sensor unit 12 is illustrated structur 
ally. The sensor unit 12 includes a ?oW cell 41, the prism 14, 
a sealing block 42, and a ?oW cell lid 43. The ?oW cell 41 
has the three ?oW channels 16 formed through the same, or 
at least one ?oW channel. The prism 14 is dielectric, and is 
overlaid With the thin ?lm 13 on its upper surface. The 
sealing block 42 keeps the ?oW cell 41 positioned by ?tting 
its loWer surface on the upper surface of the prism 14. The 
?oW cell lid 43 is disposed higher than the sealing block 42. 

[0070] The number of the ?oW channels 16 is three in the 
?oW cell 41. The ?oW cell 41 extends in one direction, in 
Which the ?oW channels 16 are arranged. The ?oW channels 
16 constitute the sensor cells 17 together With the thin ?lm 
13 in connection With its loWer surface. See FIGS. 1A and 
1B. The ?oW cell 41 is formed from elastic material for the 
purpose of ensuring tightness in contact With the thin ?lm 
13. Examples of elastic materials include rubber, polydim 
ethylsiloxane (PDMS), and the like. When the loWer surface 
of the ?oW cell 41 is pressed on an upper surface of the prism 
14, the ?oW cell 41 is elastically deformed, to remove a 
space betWeen its surface and the thin ?lm 13. Open loWer 
portions of the ?oW channels 16 are closed ?uid-tightly by 
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the upper surface of the prism 14. Note that, in the sensor 
unit 12, the number of the ?oW channels 16 may not be three, 
but can be one or tWo, or four or more. 

[0071] The thin ?lm 13 is formed by vapor deposition on 
the prism 14. The thin ?lm 13 of a strip shape is positioned 
on a train of the ?oW channels 16. Also, the linker ?lm 22 
is formed on the upper surface of the thin ?lm 13 for the ?oW 
channels 16. Retention claWs 14a are formed to project from 
the prism 14 at its sides as vieWed longitudinally. Retention 
tabs 42a of the sealing block 42 are engageable With the 
retention claWs 14a. The ?oW cell 41 is sandWiched betWeen 
the sealing block 42 and the prism 14. A loWer surface of the 
?oW cell 41 is kept ?tted on the prism 14. A single 
component including the ?oW cell 41, the thin ?lm 13 and 
the prism 14 is obtained. 

[0072] Positioning projections 14b protrude from ends of 
the prism 14 as vieWed in its longitudinal direction. A sensor 
holder (not shoWn) contains a plurality of sensor units 12 in 
the course of the sample immobilizing ?oW. The positioning 
projections 14b are formed for positioning the sensor unit 12 
in a contained state by engagement With the sensor holder. 

[0073] A passage aperture 42b is formed in the sealing 
block 42, and positioned at the ?rst ori?ce 16a of the ?oW 
channel 16, for entry of an end of a pipette device. The 
passage aperture 42b has a funnel shape With a decreasing 
diameter for introducing liquid ejected by the pipette toWard 
the ?rst ori?ce 1611. A loWer face of the passage aperture 42b 
is connectable With the ?rst ori?ce 16a of the ?oW channel 
16 for ?oW of ?uid With the sealing block 42. A ?uid 
reservoir chamber 42d is formed in the sealing block 42, 
positioned at the second ori?ce 16b of the ?oW channel 16, 
and reserves ?uid ?oWing out of the second ori?ce 16b after 
passage in the ?oW channel 16. The ?uid reservoir chamber 
42d prevents scattering of the ?uid about the sensor unit 12 
from the second ori?ce 16b in a temporary manner. For the 
immobilization, the second pipette device 19b is inserted in 
the ?uid reservoir chamber 42d. For the assay, the second 
pipette device 35 is inserted in the ?uid reservoir chamber 
42d. Fluid in the ?uid reservoir chamber 42d is draWn and 
aspirated for recovery. 

[0074] Furthermore, it is possible in the sample immobi 
lizing ?oW to keep ligand ?uid in the ?uid reservoir chamber 
42d, and to cause the same to ?oW back to the ?oW channel 
16, for repeated introduction of the ligand ?uid to the 
sensing surface 13a. This is effective in raising e?iciency in 
the immobilization, because of high ?uidity of the ligand 
?uid in the ?oW channel 16. 

[0075] When the sealing block 42 is engaged With the 
prism 14 together With the ?oW cell 41, a loWer opening of 
the passage aperture 42b is connected With the ?rst ori?ce 
16a of the ?oW channel 16. The ?uid reservoir chamber 42d 
is connected With the second ori?ce 16b. 

[0076] Rod shaped bosses 420 are formed to project beside 
the passage aperture 42b. Positioning holes 43a are formed 
in the ?oW cell lid 43. The bosses 420 are ?tted in the 
positioning holes 43a, to position the ?oW cell lid 43 ?rmly. 
Double sided adhesive tape 44 attaches the ?oW cell lid 43 
to an upper surface of the sealing block 42. Note that suitable 
holes are formed in the double sided adhesive tape 44, and 
associated With the passage aperture 42b and the bosses 420. 

[0077] The ?oW cell lid 43 covers the passage aperture 
42b and the ?uid reservoir chamber 42d communicating to 
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the ?oW channel 16, and prevents evaporation of liquid in 
the ?oW channel 16. The ?oW cell lid 43 is formed from 
rubber, elastomer, resin or other elastic material. A cross 
shaped slit 43b is formed in the ?oW cell lid 43 and 
positioned respectively at the passage aperture 42b and the 
?uid reservoir chamber 42d. The ?oW cell lid 43 is required 
to cover the passage aperture 42b and the ?uid reservoir 
chamber 42d in order to prevent liquid in the ?oW channel 
16 from evaporation. HoWever, no pipette can enter the 
passage aperture 42b and the ?uid reservoir chamber 42d if 
covering of the ?oW cell lid 43 is complete. So the cross 
shaped slit 43b is formed to enable insertion of pipettes, and 
to close the passage aperture 42b and the ?uid reservoir 
chamber 42d While no pipette is inserted. If a pipette is 
forcibly pressed into the cross shaped slit 43b, its edges are 
elastically deformed, to alloW receipt of the pipette by 
becoming open. When the pipette is externally pulled out, 
the cross shaped slit 43b elastically closes the passage 
aperture 42b and the ?uid reservoir chamber 42d again by 
returning to its initial state. 

[0078] In FIG. 3, the sample immobilizing equipment 10 
has a casing or base 50 and an immobilizing stage 51 for 
placement. The immobilizing stage 51 is a support With a 
space for the sensor unit 12. The sensor unit 12, While placed 
on the immobilizing stage 51, is processed for every step 
included in the sample immobilizing ?oW and immobiliza 
tion. The immobilizing stage 51 is a sample immobilizing 
stage for the sensor unit 12. 

[0079] A sensor holder 52 contains a plurality of the 
sensor unit 12, and is loaded in the sample immobilizing 
equipment 10. The number of the sensor unit 12 containable 
in the sensor holder 52 is eight, but may be changed suitably. 
Positioning portions are formed in the sensor holder 52, and 
engageable With the positioning projections 14b of the 
sensor unit 12 for positioning the sensor unit 12. A loWer 
panel of the sensor holder 52 has a loWer opening betWeen 
support portions for supporting ends of the sensor unit 12. To 
remove the sensor unit 12 from the sensor holder 52 in the 
assay step, a pusher 81 of FIG. 5 is inserted through the 
loWer opening to push up the sensor unit 12. 

[0080] In the immobilizing stage 51 are arranged a plu 
rality of pallets or supports 53, for example 10, for support 
ing the sensor holder 52 placed adjacently. Positioning 
bosses are formed on the pallets 53 for positioning the sensor 
holder 52. 

[0081] A pipette head 54 is included in the sample immo 
bilizing equipment 10, and associated With three dual pipette 
assemblies 19. The pipette head 54 accesses the sensor unit 
12 disposed in the immobilizing stage 51, and dispenses and 
draWs ?uid. With the three dual pipette assemblies 19, the 
pipette head 54 can simultaneously access the of the sensor 
cells 17 included in the sensor unit 12 for dispensation and 
draWing of ?uid. A controller (not shoWn) is incorporated in 
the sample immobilizing equipment 10, and controls param 
eters for each of the pipette head 54 in relation to the dual 
pipette assembly 19 in aspiration and dispensation, the 
parameters including amounts of aspiration and dispensa 
tion, and scheduling of aspiration and dispensation. 

[0082] A pipette head shifter 56 is disposed on the casing 
50 for shifting the pipette head 54 in three directions of X, 
Y and Z. The pipette head shifter 56 is a moving device and 
may include a conveyor belt, pulleys, a carriage and a motor. 














